photolysis. Because of the clean atmospheric environment and predicted low nonmethyl hydrocarbon levels in Antarctica, the dominant OH sink was found to be reaction with CO and CH4. Particulate levels of MSA were higher than could be attributed to condensation of boundary layer (BL) gas phase MSA on to the aerosol surface. Alternate mechanisms for generating MSA in the particle phase were speculated to involve either in-cloud oxidation of dimethylsulfoxide or OH oxidation of DMS in the atmospheric buffer layer above the boundary layer followed by condensation of gas phase MSA on aerosols and transport back to the B L 
Introduction
The Antarctic Peninsula is a region high in biogenic sulfur emissions and far from anthropogenic sources, making it uniquely suited for studying dimethylsulfide (DMS) oxidation chemistry. Here DMS emissions from phytoplankton exhibit a strong seasonal cycle and reach several 100 parts per trillion by volume (pptv) concentrations in the summer months with the H2SO4 levels, to examine the partitioning of these species between the gas and aerosol phases at high latitudes. In addition, model calculations of the hydroxyl radical, constrained by measured values of NO, H20, CO, and UV flux, are compared to measured OH concentrations in an effort to evaluate current photochemical mechanisms. As the major DMS oxidizing agent, the OH concentration is essential in determining the oxidation rate of DMS and the rate of production of stable products and intermediates. In the Antarctic, predicted low nonmethyl hydrocarbon (NMHC) levels significantly reduced the number and complexity of OH sinks, thus providing an ideal environment to study the fast photochemistry of OH.
Experiment
Measurements of trace gas species and aerosols took place at Palmer Station, located on Anvers Island off the western coast of the Antarctic Peninsula. The site is situated such that westerly winds were indicative of air masses from the open ocean and station facility and easterly air flowed from the direction of a glacier and mountains on the back side of the island as well as the Gerlache Strait and Antarctic Peninsula [Berresheim and Eisele, this issue]. Here we present results from the second month of the campaign from February 17-23, which coincided with measurements of gas phase OH, H2804, and MSA.
Sampling of NO, 03, CO, and dewpoint was carded out by drawing air in through a common inlet made of Teflon. Independent sampling of aerosol was through a copper pipe. These inlet pipes had 2.5 and 3.8 cm inside diameters, respectively, and extended 3 m above the building roof. A flow rate of 300 L min -• was produced by blowers attached to each sample line at the end of the inlet tubes.
Ambient 03 levels were determined with a Dasibi Environmental Corporation Model 1003-AH 03 analyzer. This instrument measured 03 spectroscopically by monitoring its absorption at the Hg 254 nm line near the maximum in the 03 Hartley band. The instrument was calibrated against an EPA photometer using 03 gas standards between 0 and 450 parts per billion by volume (ppbv) and had a sensitivity of +1 ppbv over a 24 s measurement cycle. Typical ozone levels measured during the campaign fell within the range of 9-20 ppbv.
A Trace Analytic RGA3 reduction gas analyzer was used to measure the CO mixing ratio. This instrument used a gas chromatograph (GC) to separate CO from hydrocarbons and H2. After GC separation, the CO-containing gas stream reacted quantitatively in a heated chamber with HgO to form CO2 and Hg vapor. The Hg vapor concentration was measured photometrically to determine the ambient CO mixing ratio. A 1 ppm CO gas standard, diluted to 200 ppb, was used to calibrate the instrument which had a detection sensitivity of +2 ppbv. Measurements of CO were taken at irregular intervals over a limited number of days during the campaign from February 21-23. CO concentrations over the 3-day period ranged from 50 to 100 ppbv, with 80% of the measurements lying between 70 and 90 ppbv. NO measurements were recorded using a customized chemiluminescent system that had been designed for aircraft sampling in the clean remote troposphere [Torres, 1985 [Torres, , 1988 . In the sampling mode, ambient air was brought into the reaction chamber through Teflon tubing at a flow rate at 3 STP L min -•.
Upon entering the reaction chamber, the air sample was mixed with a flow of 1% ozone in oxygen. The ozone was generated by a high-voltage discharge in oxygen. Chemiluminescence was detected by a cooled photomultiplier tube, operating in a pulsecounting mode. Calibrations were carded out by a standardaddition method using a cylinder of 1 ppmv NO in N2 as the calibration source gas. The field-standard calibration gas was periodically intercompared with an Environmental Protection Agency protocol standard. The detection limit of this instrument was typically +4 pptv based on a 30-40 s signal integration time.
Gas where k is the rate constant for the reaction of NO3' + H2804 and t is the reaction time. The value for kt was determined experimentally from the instrument calibration using a known concentration of OH generated in ambient air. The detection efficiencies for HSO4-and CH3SO 3-were assumed to be identical to that of H34804 -. Calibration of the instrument was conducted at the field site using ambient air. An Hg lamp mounted outside a quartz tube surrounding the inlet provided 184.9 nm radiation to photolyze H20 in the sample air above the inlet, producing an amount of OH that could be calculated from the measured H20 concentration and the corresponding absorption cross section. The calibrated OH concentration and corresponding ion signals were used to determine the value of kt. The large increases in NO from local pollution from the station diesel power generator, ships docked in the harbor, and station vehicles also resulted in large increases in condensation nuclei (CN) concentrations. Enhancements in OH were due to the rapid reaction of NO with HO2 (e.g., HO2 + NO = NO2 + OH). Concomitant decreases in gas phase MSA and H2SO 4 were also observed and are now thought to be due to enhanced aerosol loss rates resulting from high CN concentrations. Because the sampling building was located on the eastern boundary of the station, pollution episodes accompanied air masses from the west, usually when winds were near stagnate. Typical background levels of NO in clean air masses ranged between 1 and 5 pptv. Sharp increases in NO up to several ppbv with a change in wind direction made this species an ideal tracer for local pollution and helped in eliminating these episodes from the data set.
Apart from local pollution events (which were readily 
Aerosol Chemistry
The condensation nuclei number density was typically between 50 and 300 particles cm -3 in clean air masses and would escalate to 500-3000 particles cm -3 during periods of local pollution. The measured size distributions in dry air masses were typically monomodal with dry particle diameters between <0.02 and 0.26 gm. At a relative humidity above 70% well defined bimodal distributions were apparent with concentration maxima in the size distribution observed near dry particle diameters of 0.04 and 0.14 gm. The total dry particle surface area averaged 11.9 gm 2 cm -3. Adjusting for a decrease in the relative humidity The only known process for particle assimilation of MSA is through gas phase condensation on the particle surface. The particle uptake of MSA is approximated as with particulate sulfate by mass transfer of gas phase MSA in the following our underestimate of the fine mode particle surface area, the MSA uptake onto particles was likely 20-25% faster than the former value. Even assuming this faster MSA uptake onto particles, the fine mode particulate MSA concentration is far greater than can be explained from the above mentioned condensation mechanism. This discrepancy may arise from particle and gas phase species being from highly different DMS source regions or, alternatively, to in-cloud oxidation processes that lead to particulate MSAp.
The MSA partitioning between gas and particle phases may reflect the different lifetimes of MSA in these two phases and different DMS source regions. In the buffer layer or lower free troposphere, aerosol lifetimes extend up to 7 days [Pruppacher and Klett, 1978] . One explanation for the high aerosol MSA is that the particles were transported from a region with considerably higher MSA and DMS. Indeed, high gas phase MSA and H2SO 
Conclusions
Low levels of anthropogenic trace gases as well as the presence of active phytoplankton blooms made the Antarctic coast an opportune region to study the photochemical OH balance and DMS oxidation chemistry. Photolysis rates at the Palmer site are expected to be low due to reduced UV solar flux, a significant portion of this reduction being due to heavy cloud coverage. Indeed, the measured OH concentration was quite low with a diurnal averaged value of 1.1 x 105 molecules cm '3. At these OH concentrations, the lifetimes of boundary layer DMS (9 days) and its oxidation intermediates DMSO (~1 day) and SO2 (100 days) with respect to OH oxidation are sufficiently long so as to prevent a comparison of the sources and sinks with the DMS oxidation products. The strong correlation of model calculations of the OH concentration with observed levels suggests a reasonably good understanding of the OH chemistry in this region.
The concentrations of the final DMS oxidation products, MSA and H2SO4, were measured in both the gas and particle phases. The gas phase concentrations of these species exhibited a diurnal profile indicative of daytime production from OH oxidation. The average concentrations of MSA and H2SO4 were 9.5 x 10 s and 1.61 x 106 molecules cm -3 in the gas phase and 1.89 and 3.08 nmol m -3 in aerosols, respectively. A comparison of gas and aerosol concentrations of MSA and H2SO4 found that particulate levels of MSA were higher than could be attributed to condensation of gas phase MSA on to the aerosol surface in the BL. Two additional mechanisms for MSA formation on aerosols are proposed that involve in-cloud oxidation of the DMS intermediate species, DMSO and downward transport of MSA enriched aerosols from the buffer layer into the BL. At the low OH levels present during the campaign and therefore low DMSO oxidation rate, uptake onto aerosols was likely the primary loss process for DMSO in the boundary layer. The aqueous phase mechanism for MSA formation in aerosols may be a significant factor in the observed changes in aerosol MSA/NSS ratios with latitude. DMSO is formed exclusively in the OH/DMS addition channel, and hence its production is inversely dependent on temperature. At lower latitudes with relatively high temperatures, the DMSO yield from boundary layer DMS oxidation is lower than that for SO2. Thus, aerosol levels of MSA with respect to NSS may in some cases increase substantially with latitude from an MSA/NSS ratio of 0.07 in the tropical Pacific Ocean 
